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— y  We  report  a  technique  to  achieve  very  uniform  illumination  of  laser  irradiated  targets  by  in¬ 
ducing  a  controlled  amount  of  transverse  spatial  incoherence  in  the  output  beam  of  a  broadband 
laser.  The  spatial  incoherence  is  created  by  imposing  different  optical  delays  upon  different  trans¬ 
verse  sections  of  the  beam,  and  choosing  the  delay  increments  to  be  larger  than  the  laser  coherence 
time  t£  =  1  /Av.  This  technique  may  allow  easy  attainment  of  the  pellet  illumination  uniformity 
required  for  laser  fusion.  — 


USE  OF  INDUCED  SPATIAL  INCOHERENCE  FOR  UNIFORM 
ILLUMINATION  OF  LASER  FUSION  TARGETS 


High  gain  laser  fusion  requires  a  very  uniform  ablation  pressure  at  the  pellet  surface.1  :  For  the 
case  of  directly  illuminated  pellets,  this  in  turn  requires  a  high  degree  of  uniformity  in  the  incident 
intensity.  Even  at  X  =  1  /t*m,  where  significant  lateral  smoothing  can  take  place  in  the  ablating 
plasma,3  4  illumination  uniformities  to  within  ±10%  are  likely  to  be  required.  At  shorter  wavelengths, 
where  the  smaller  absorption-ablation  distance  of  the  plasma  provides  only  minimal  lateral  smoothing.4 
illumination  uniformities  to  within  ±1%  may  be  required. 

Efforts  to  achieve  uniform  illumination  have  been  frustrated  by  imperfections  in  the  high  power 
laser  systems.  The  cumulative  effect  of  small  phase  aberrations  (both  linear  and  nonlinear)  introduced 
by  each  optical  element  of  a  multistage  laser  produces  large  random  intensity  nonuniformities  at  the 
output,  and  these  can  only  be  partially  controlled  at  great  expense  by  using  ultra  high  quality  optics  and 
extensive  beam  relaying.5  In  order  to  obtain  the  desired  intensity  and  focal  diameter  with  a  lens  of  rea¬ 
sonable  focal  length,  one  normally  places  the  pellet  in  the  quasi  near  field  of  the  lens,  rather  than  at 
best  focus.  With  this  configuration,  however,  the  nonuniformities  at  the  laser  output  tend  to  he 
mapped  onto  the  pellet.  Random  nonuniformities  may  be  statistically  smoothed  by  overlapping  many 
independent  beams  at  the  pellet,  but  the  large  number  of  beam  lines  required  to  do  this  in  a  conven¬ 
tional  way  may  be  prohibitive. 

In  this  letter,  we  report  a  simple  and  novel  technique  that  allows  a  high  degree  of  illumination 
uniformity  with  modest  quality  laser  beams.  This  technique  induces  a  controlled  amount  of  transverse 
spatial  incoherence  in  the  output  beam  of  a  broadband  laser,  whose  coherence  time  r,  =  l/Ar*  is  short 
in  comparison  to  the  pulsewidth  ip.  The  spatial  incoherence  is  achieved  by  imposing  different  optical 
delays  upon  different  transverse  sections  of  the  beam,  and  choosing  the  delay  increments  to  be  larger 
than  tc.  A  wide  aperture  beam  is  thus  broken  up  into  a  large  number  N  of  independent  beamlets.  At 
the  focus  of  a  lens,  these  overlap  to  produce  a  complicated  interference  pattern  modulated  by  a  smooth 
envelope  that  characterizes  the  diffraction  of  an  individual  beamlet.  On  time  scales  long  in  comparison 
to  rc,  the  interference  pattern  averages  out,  leaving  only  the  smooth  diffraction  profile.  The  pellet  will 
effectively  ignore  the  rapidly  shifting  interference  pattern  if  its  hydrodynamic  response  time  ih  satisfies 
th  »  tc.  The  diffraction  profile  is  relatively  insensitive  to  amplitude  and  phase  nonuniformities  in  the 
incident  beam;  in  fact,  the  beam  need  only  be  approximately  uniform  over  the  small  width  of  each 
beamlet.  We  estimate  that  laser  bandwidths  as  small  as  0.2%  should  be  adequate  to  implement  this 
scheme  for  laser  fusion. 

The  concept  described  here  bears  some  similarity  to  a  technique  recently  proposed  by  Mima  and 
Kato,6  in  which  the  beam  is  broken  up  by  a  random  phase  mask.  In  that  proposal,  however,  the  ran¬ 
dom  phase  relationship  among  the  beamlets  would  remain  fixed  in  time;  i.e..  the  incident  beam 
becomes  aberrated,  but  not  really  incoherent.  The  focal  interference  pattern  therefore  persists 
throughout  the  pulse,  and  it  invariably  contains  longer  scalelength  components  that  would  be  deleteri¬ 
ous  to  the  pellet  implosion  uniformity.  Similar  considerations  apply  to  optical  beam  integrating  devices 
that  are  designed  to  produce  a  "lop  hat"  spatial  profile.7 
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The  induced  incoherence  concept  is  illustrated  for  one  transverse  dimension  in  Fig.  I  The 
incident  laser  beam  amplitude  is 

ELix,z.t )  —  A  ix)Fit  —  z/c)  exp  [—/«>(/  -  z/c) I.  <  1 ) 

where  the  complex  amplitudes  A(x)  and  Fit)  describe  the  transverse  nonuniformities  and  slow  time 
dependence,  respectively.  For  a  ^-switched  pulse  in  a  broad  bandpass  laser  medium.  Fit)  can  bo 
approximated  by  a  quasi-stationary  stochastic  variable  satisfying  Gaussian  statistics.  The  correlation 
function  <Fit)F*it  +  r)>  will  exhibit  a  smooth  localized  r  dependence  of  width  t,  =  2n/ so  that 
<F(t)F*it  +  t)>  =  0  for  |r|  >  while  the  mean  square  amplitude  <  I /•'(/> 1 2 >  varies  negligibly 
within  interval  /,  if  tc  «  tp.  (Here,  the  brackets  denote  an  ensemble  average.)  This  beam  propagates 
through  the  transparent  echelon  structure,  which  introduces  time  delays  t„  that  increase  with  each  step. 
If  the  beam  is  nearly  uniform  over  scalelength  D\  ( i .  e . ,  if  |3>l/djc  I  «  I A  |).  then  the  output  field  is 
approximately 

v 

£  fix  -  nD{)A„Fit  -  i„)  exp li<oit„  -  t)\.  (2) 

n- 1 

where  A„  =  AinD [),  and  fix)  is  a  "top  hat"  function  equal  to  unity  for  |.v|  <  Z),/2  and  zero  else¬ 
where.  Without  loss  of  generality,  one  can  normalize  the  amplitudes  so  that  l.H\A„\2  =1  To  produce 
nearly  complete  transverse  spatial  incoherence  within  limes  of  order  the  delay  increments  <„  +  \  -  t„ 
must  be  larger  than  and  <ot„  must  vary  randomly  (over  at  least  2n)  from  step  to  step  The  latter 
requirement  ensures  that  phase  relationships  among  nearby  beamlets  will  not  be  duplicated  among 
lower  beamlets  as  the  emerging  wavefront  shears  its  way  down  the  echelon. 

In  the  focal  plane  of  the  lens,  the  instantaneous  intensity  profile  Hx.t)  -  |f,(.v./)|2  of  the  over¬ 
lapping  beamlets  is 

/(«>  -  C  sme  |i£ij  J.M  «P  [^fj. 

where  sine  ilnx/d)  —  sin2i2irx/  d)/  i2irx/  d)2  is  the  difTraction  envelope  of  width  d  =  2kf/D\  (/ero- 
to-zero),  C  =  D2/f\ ,  Am  —  Kf/m  D,  is  the  wth  transverse  mode  wavelength,  and 

•/»,(')  “  £  'MS+*  Fit  -  t„)F*it  -  t„+m)  exp  1  iu>it„  -  /„♦„)]  (4) 

n 

is  the  wth  transverse  mode  amplitude,  assuming  for  simplicity  that  the  maximum  delay  time  difference 
satisfies  tN  —  t\  «  tn.  The  spatial  profile  of  lix.t)  is  generally  a  complicated  random  pattern,  as 
shown  on  the  right  hand  side  of  Fig.  1.  If  tc  >  rv  -  t\:  then  the  beamlets  remain  coherent  (although 
randomly  phased),  and  this  pattern  will  persist  throughout  the  pulse.  This  corresponds  to  the  case  dis¬ 
cussed  in  Ref.  (6).  If  tc  <  rB+1  -  t„,  however,  the  beamlets  become  effectively  incoherent  with  respect 
to  one  another,  and  the  pattern  averages  out  in  times  T  »  tc.  The  time-average  intensity  lix.t, T) 
over  interval  it.t  +  T)  thus  approaches  the  ensemble  average  value 

<lix,t)>  -  C<|f(/)|2>  sine  (2 nx/d)  (5) 

when  r,  «  T  «  tp.  This  spatial  profile,  which  is  indicated  by  the  smooth  curve  in  Fig  1,  contains 
over  90%  of  the  energy  in  its  central  lobe  U|  <  d/2.  As  a  numerical  example,  let  K  =  I  /am. 
/■5  m,  and  D\  —  5  mm;  then  d  -  2  mm. 

To  estimate  the  residual  random  nonuniformities  of  lix.t.T),  we  examine  the  ensemble  fluctua¬ 
tions  in  the  time-averaged  mode  amplitudes  Jmit,T)  for  m  *  0.  Since  <Jmit,T)>  =  8m0  <  |F(/)|:>. 
the  relative  magnitude  of  the  RMS  energy  fluctuations  in  all  off-axis  modes  up  to  Iml  -  M  <  -V  -  1  is 
given  by  the  ratio 

m  i/2 

Ru-  T  <Um(f.n|J>  /  <Jnit,T)>  (6a) 

Inn-I 
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Fig.  1  —  Use  of  spatial  incoherence  induced  by  a  transparent  echelon  to  smooth  the  focal  spot  irradiuncc  of  a  broadband  laser. 
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(6b) 


where  T  »  tc,  and 


<F(t)F*(t  +  t)>  P 
<  |F(r)|2> 


(7) 


In  deriving  expression  (6b),  we  have  assumed  Gaussian  statistics  for  Fit)  and  random  phases  for  u>i„. 
Expression  (6b)  reduces  to  y(ijT)l/2  when  M  -  N  —  1;  however,  for  laser  fusion,  the  most 
dangerous  off-axis  modes  are  those  with  long  transverse  wavelengths  |Aml  >  A  M  =  d/2M  where 
M  <  N  —  1,  and  Aw  is  comparable  to  the  absorption-ablation  distance  in  the  ablating  plasma.1- 3  If 
M  «  N  —  l,  then  the  n  summation  in  (6b)  can  be  approximated  by  ,V(1/A’2),  and 

Rm  =r  y(t,/T)'/2  (d/N\M)m.  (8) 


The  concepts  introduced  here  can  be  extended  to  two  transverse  dimensions  in  any  one  of  several 
ways,  such  as  the  use  of  two  perpendicular  echelons,  or  a  structure  in  which  the  steps  consist  of 
squares,  closely  packed  hexagonals,  or  concentric  circles.  If  two  perpendicular  echelons  are  used,  the 
time  delay  increments  on  the  second  one  should  be  as  large  as  the  total  ts  -  /,  on  the  first.  The  aver¬ 
age  intensity  at  focus  then  becomes  proportional  to  sine  (2nx/d)  sine  ( 2irv/d )  (which  contains  82%  of 
the  energy  in  the  center  lobes),  while  expression  (8)  becomes 

RM  =  y  (te/T)'/2n1'2  d/2N\„.  (9) 


From  expressions  (8)  and  (9),  we  see  that  two  factors  contribute  to  the  beam  smoothing.  The 
d/N\M  term  arises  because  part  of  the  energy  has  been  channeled  into  (presumably)  less  dangerous 
modes  at  shorter  transverse  wavelengths.  This  is  the  smoothing  mechanism  proposed  in  Ref  (6).  For 
a  pellet  of  diameter  d. ,  a  maximum  allowable  Aw  of  dl  10,  and  N  «  40  steps  in  each  echelon,  one 
obtains  dl  N\M  =  1/4.  The  (tjT)'12  term  (which  suppresses  all  off-axis  modes)  arises  from  the  tem¬ 
poral  averaging,  where  T/tc  represents  the  effective  number  of  independent  random  intensity  distribu¬ 
tions  contributing  to  the  irradiance  within  interval  T.  For  r,  —  1  psec  and  an  averaging  time  T  =  400 
psec,  this  factor  alone  will  effect  a  20-fold  reduction  of  RM. 

The  use  of  induced  incoherence  for  beam  smoothing  was  tested  with  a  transparent  echelon-lens 
combination  similar  to  the  one  shown  in  Fig.  1.  A  laser  beam  of  variable  coherence  time  is  produced 
by  an  actively  Q-switched  Nd-glass  oscillator.  The  oscillator  bandwidth,  which  is  monitored  by  a  spec¬ 
trograph,  is  adjusted  by  intracavity  etalons,  and  by  varying  the  gain  to  loss  ratio  in  the  cavity. 
Pulsewidths  are  typically  30  nsec.  The  beam  from  the  oscillator  is  expanded  to  a  20  mm  diameter  and 
transmitted  through  the  echelon,  which  consists  of  overlapped  I  mm  thick  glass  slides  cemented 
together  to  minimize  losses.  This  echelon  breaks  the  beam  into  —1  mm  wide  beamlets  with  a  1.7  psec 
delay  increment  between  adjacent  beamlets.  The  beamlets  then  pass  through  a  slit  perpendicular  to  the 
echelon  steps  to  achieve  a  one-dimensional  geometry,  and  are  focused  onto  a  Vidicon  camera  by  a  I 
meter  focal  length  lens.  The  vidicon  measures  the  focal  profile  averaged  over  the  laser  pulsewidth. 

Figure  2  shows  the  effect  of  the  echelon  on  the  focal  distribution  with  a  narrow  band  MeNe  laser 
in  place  of  the  glass  oscillator.  The  echelon  broadens  the  focus  due  to  diffraction,  and  produces  a  com¬ 
plicated  pattern  due  to  interference  among  the  coherent  beamlets. 

Figure  3  shows  the  focal  distributions  with  the  echelon  and  the  variable  bandwidth  glass  oscillator. 
When  the  laser  is  adjusted  for  a  narrow  bandwidth,  one  obtains  a  complicated  interference  pattern,  as 
with  the  HeNe  laser.  At  the  intermediate  bandwidth  shown,  the  coherence  lime  /,  *  1/Af  =  4.6  psec 
is  longer  than  the  delay  between  nearby  beamlets,  but  shorter  than  that  of  the  widely  spaced  beamlets. 
Here  the  shorter  scalelength  interference  pattern  produced  by  the  widely  spaced  beamlets  (that  intersect 
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LASER  SPECTRUM  FOCAL  PROFILE 


Fig.  3  —  Far-field  focal  profiles  obtained  with  the  echelon  as  the  bandwidth  of  the  glass  oscillator  is  varied. 


at  larger  angles)  is  smoothed,  while  the  longer  scalelength  pattern  produced  by  adjacent  beamlets  per¬ 
sists.  Finally,  when  tc  becomes  short  enough  (- —  1 .6  psec  for  the  case  shown)  the  interference  among 
adjacent  beamlets  averages  out,  and  one  obtains  the  smooth  focal  distribution  shown. 

We  have  also  tested  the  ability  of  the  induced  i  -(coherence  technique  to  smooth  out  nonunifor¬ 
mity  in  the  incident  laser  beam.  Figure  4(a)  shows  the  illumination  obtained  in  the  quasi-near  field 
(2.5  cm  closer  to  the  lens  than  best  focus)  when  a  large  amplitude  nonuniformity  was  impressed  on  the 
incident  laser  beam  without  the  echelon.  In  Fig.  4(b),  where  the  echelon  has  been  inserted  in  the 
beam,  the  nonuniformity  is  eliminated.  The  temporal  incoherence  of  the  laser  was  the  same  in  both 
cases.  The  echelon  was  found  to  provide  a  significant  smoothing  effect  over  a  distance  ±Ar  (from  best 
focus)  given  by  Ar  =  d/0,  where  0  is  the  convergence  angle  of  the  outermost  beamlets. 

The  induced  incoherence  smoothing  technique  is  applicable  to  high  power  glass  laser  systems.  In 
measurements  of  gain  vs.  wavelength,  we  found  the  gain  coefficient  for  phosphate  glass  (Q-98).  to  be 
within  97%  of  the  peak  value  over  the  0.2%  bandwidth  used  in  these  experiments.  Thus,  w  ith  a  modest 
increase  in  the  gain,  a  high  power  system  could  accommodate  the  bandwidths  used  in  the  above  experi¬ 
ments.  Other  lasers,  such  as  KrF,  with  similar  bandwidth  capabilities  should  also  be  applicable  to  the 
technique. 

The  smallest  laser  bandwidth  that  can  be  used  will  be  determined  by  the  required  number  of 
beamlets  N2  and  the  pulsewidth  tp.  The  delay  increment  of  the  echelon  (r„+i  -  r„  >  r, )  limits  the  rise¬ 
time  at  focus  to  >  N2tc-,  hence,  for  \2  =  1000  and  tc  =  1  psec,  the  total  delay  across  the  beam  would 
be  >  1  nsec.  Since  fusion  reactor  pellets  will  involve  pulsewidlhs  >  10  nsec,  this  should  not  be  a  seri¬ 
ous  restriction.  Aside  from  this  consideration,  a  lower  bound  on  Ar  may  be  determined  by  the  onset  of 
plasma  instabilities  produced  in  the  interference  intensity  maxima.  At  high  irradianccs.  this  may 
require  that  tc  be  less  than  the  instability  growth  time. 

In  this  paper,  we  have  demonstrated  both  theoretically  and  experimentally  the  use  of  programmed 
spatial  incoherence  to  achieve  a  smooth  illumination  profile  on  flat  targets.  This  technique  has  a 
marked  advantage  over  other  techniques  involving  a  coherent  laser,  such  as  the  random  phase  plate  or 
the  Spawr  integrator,  in  that  (1)  virtually  unlimited  degrees  of  uniformity  can  be  achieved,  and  (2)  the 
focal  spot  irradiance  is  uniform  even  on  short  spatial  scalelengths.  The  second  feature  may  be  impor¬ 
tant  for  avoiding  instabilities  in  laser  plasma  interactions,  such  as  small  scale  self-focusing  and  stimu¬ 
lated  Brillouin  scattering.  For  the  fusion  application,  one  needs  uniform  illumination  of  a  spherical  sur¬ 
face.  Earlier  studies  have  shown  that  if  the  incident  laser  profiles  are  smooth,  one  can  achieve  uniform 
illumination  of  a  spherical  surface  by  overlapping  a  relatively  small  (>  20)  number  of  beams.8 11  The 
problem  prior  to  the  availability  of  this  technique  has  been  in  achieving  a  smooth  and  reproducible  focal 
profile  in  a  single  beam. 

The  smoothing  technique  appears  highly  promising  for  the  fusion  application.  It  should  also  be 
applicable  to  other  processes,  such  as  shock  wave  generation,  which  require  uniform  illumination  by  a 
concentrated  laser  beam. 

We  gratefully  acknowledge  the  valuable  discussions  and  suggestions  by  Dr.  S.  E.  Bodner.  and  the 
technical  assistance  of  M.  Fink,  J.  Kosakowski,  H.  Hellfeld  and  N.  Nocerino.  This  work  was  supported 
jointly  by  the  Office  of  Naval  Research  and  the  U.S.  Department  of  Energy. 
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MODULATED  BEAM 
NO  ECHELON 


(b) 

MODULATED  BEAM 
WITH  ECHELON 


1  mm 

Fig.  4  -  Quasi-near  field  focal  profiles  obtained  without  (a)  and  with  (b)  the  echelon.  In  both  cases  the 

at  the  lens  had  the  same  structured  profile. 


REFERENCE 


1.  John  H.  Nuckolls  el.  al.  in  Proceedings  of  ihe  European  Conference  on  l  aser  Interaction  with 
Mailer,  Oxford,  England  (1977)  (unpublished). 

2.  S.E.  Bodner,  J.  Fusion  Energy  1,  221  (1981). 

3.  S.P.  Obenschain,  J.  Grun,  B.H.  Ripin  and  E.A.  McLean,  Pliys.  Rev.  Lett  46.  1402  (1981).  and 
48,  709  (1982). 

4.  J.H.  Gardner  and  S.E.  Bodner,  Phys.  Rev.  Leu.  47,  1137  (1981). 

5.  Special  Issue  on  Lasers  for  Fusion,  M.D.  Richardson,  ed.;  II  I  I  J  Quantum  Electron  QK-17 
(Sept.  1981). 

6.  K.  Mima  and  V.  Kato,  ILE  Progress  Report  on  Inertial  Fusion  Program  for  Jail-March  1982 
(Institute  of  Laser  Engineering,  Osaka  University,  May  1982);  Y.  Kato  and  K  Mima.  Appl.  Phy¬ 
sics  (Springer)  B29,  186  (1982). 

7  Spawr  Optical  Research,  Inc.  (Corona,  CA);  U  S.  Patent  No.  4195913. 

8.  James  E.  Howard,  Appl.  Optics  16,  2764  (1977). 

9.  J.B.  Trenholme  and  E.J.  Goodwin,  "Nova  Target  Illumination  Studies."  Laser  Program  Annual 
Report- 1979,  Vol.  1,  pp.  2-139.  UCRL-50021-79  (1980). 

10.  J.M.  McMahon  and  R.H.  Lehmberg,  1981  Topical  Conference  on  Symmetry  Aspects  of  Inertial 
Confinement  Implosions,  S.E.  Bodner,  ed.  (to  be  published). 

11.  S.  Skupsky  and  K.  Lee,  Sixth  International  Workshop  on  Laser  Interaction  and  Related 
Phenomena  (Plenum  Publishing  Co.,  1983). 


9 


DOE  DISTRIBUTION  LIST  FOR  REPORTS 


University  of  California 
Lawrence  Livermore  National  Lab 
Post  Office  Box  808 
Livermore  CA  94550 
H.G.  Ahlstrom,  L-481 
J.L  Emmett  L-448 
J.F.  Holzrichter,  L-481 
M.J.  Monsler,  L-479 
J.H.  Nuckolls,  L-477 
L.W.  Coleman,  L-473 
J.T.  Hunt..  L-481 
A.B.  Langdon  L-477 

U.S.  Department  of  Energy 
Office  of  Inertial  Fusion 
Washington  DC  20545 
L.E.  Killian 
G.  Gibbs 
T.F.  Godlove 

S. L.  Kahalas 
J.E.  Lewis 

R. L.  Schriever 

T. H.  Walsh 

S. J.  Barish 

U.S.  Dept,  of  Energy  (194  cys) 
Technical  Information  Center 
P.0.  Box  62 
Oak  Ridge,  TN  37830 

Defense  Tech.  Information  Ctr.  (2  cys) 
Cameron  Station 
5010  Duke  Street 
Alexandria.  VA  22314 

R.  McCrory 

University  of  Rochester 
250  East  River  Road 
Rochester,  NY  14623 


Z.N.  Zafiris/R.  Bredderman 
U.S.  Department  of  Energy 
San  Francsico  Operations  Office 
1333  Broadway 
Oakland,  CA  94512 

Los  Alamos  National  Laboratory 
Post  Office  Box  1663 
Los  Alamos,  NM  87545 

S.D.  Rockwood ,  ICF  Prog.  Mgr 
DAD/IF,  M/S527  (6  cys) 

G.  Yonas  (4  cys) 

Sandia  National  Laboratories 
Post  Office  Box  5880 
Albuquerque,  NM  87185 

S.  Bodner 

Naval  Research  Laboratory 
Code  4730 

Washington,  DC  20375 

T.  Coffey 

Naval  Research  Laboratory 
Code  1001 

Washington  DC  20375 

Alexander  Glass 
KMS  Fusion,  Inc. 

3941  Research  Park  Drive 

P.O.  Box  1567 

Ann  Arbor,  MI  48106 

NRL  Code  4700  (26  cys) 

NRL  Code  4730  (100  cys) 

NRL  Code  2628  (20  cys) 


Robert  T.  Duff 

U.S.  Department  of  Energy 
Office  of  Classification 
Washington,  DC  20545 


Rex  B.  Purcell  (2  cys) 
U.S.  Department  of  Energy 
Nevada  Operations  Office 
Post  Office  Box  14100 
Las  Vegas,  NV  89114 


11 


DOE  OPTIONAL  LIST  FOR  REPORTS 


Lawrence  Livermore  Natl.  Laboratory 
P.O.  Box  808 
Livermore,  CA  94551 
Dr.  W.  Kruer,  L-545 
Dr.  B.  Laskinski,  L-32 
Dr.  J.  Lindl  L-32 
Dr.  C.  Max  L-545 
Dr.  D.  Phillion 
Dr.  W.  Mead 
Dr.  R.  Kidder 
Dr.  Roger  Haas 
Dr.  E.M.  Campbell 

KMS  Fusion 

3941  Research  Park  Drive 
Post  Office  Box  1567 
Ann  Arbor .  MI  48106 
Dr.  F.  Mayer 
Dr.  R.  Johnson 
Dr.  R.  Berger 
Dr.  T.  Spieziali 
Dr.  D.  Slater 

TRW  Corporation 
1  Space  Park 

Redondo  Beach,  CA  90278 
Dr.  D.  Arnush 
Dr.  J.  Thompson 

Physics  International 
2700  Merced  Street 
San  Leandro,  CA  94577 
G.  Dahlbacka 

Institut  fur  Plasmaphysik 
8046  Garching 
Bei  Munchen 
West  Germany 
Dr.  R.  Sigel 
Dr.  K.  Eidmann 

National  Research  Council 
Division  of  Physics 
100  Susser  Drive 
Ottawa  K1A-OR6,  Canada 
Dr.  J.  Alcock 
Dr.  N.  Burnett 

University  of  Quebec 
INRS  Energie 
Case  Postale  1020 
Varennes  ,  Quebec 
Dr.  T.  Johnston 
Dr.  R.  Decoste 
Dr.  H.  Pepin 


Laboratorie  de  Physique  des 
Milieuz  Ionises 
Ecole  Polytechnique 
17,  Rue  descartes 
75230  Paris  Cedex  05 
France 

Dr.  E.  Fabre 

Institute  for  Laser  Engineering 
Osaka  Universitv 
Suita  Osaka,  565,  Japan 
Dr.  C.  Yamanaka 
Dr.  K.  Mima 

Los  Alamos  Scientific  Laboratory 
P.O.  Box  1663 
Los  Alamos,  NM  87545 
Dr.  Alan  Saxman 
Dr.  D.  Forslund 
Dr.  S.  Gitomer 
Dr.  J.  Kindel 
Dr.  D.  Giovanelli 
Dr.  S.  Singer 
Dr.  P.  Goldstone 

Sandia  Laboratory 
P.O.  Box  5800 
Albuquerque,  NM  87115 
Dr.  K.  Matzen 

Maxwell  Laboratory  Inc. 

9935  Balboa  Avenue 
San  Diego,  CA  92123 
Dr.  J.  Pearlman 

Kirkland  Air  Force  Base 
Air  Force  Weapons  Laboartory 
Albuquerque,  NM  87117 
Dr.  A.  Guenther 

University  of  Maryland 
Dept,  of  Physics  &  Astronomy 
College  Park,  MD  20740 
Dr.  H.  Griem 

University  of  Rochester 
Laboratory  for  Laser  Energetics 
Rochester,  NY  14627 
Dr.  B.  Yaakobi 
Dr.  J.  Soures 
Dr.  M.  Richardson 
Dr.  S.  Craxton 
Dr.  W.  Seka 
Dr.  S.  Skupsky 


12 


University  of  California 
Department  of  Physics 
Los  Angeles ,  CA  90024 
Dr.  N.  Luhmann 

North  Carolina  State  University 
Department  of  Physics 
Raleigh,  NC  27607 

Dr.  Carter  Armstrong 


AWRE 

Aldermaston,  England 
Dr.  J.  Weale 
Dr .  P .  Flynn 

Rutherford  Laboratory 
Chilton,  Didcot 
Oxon,  0X11  OQX 
England 

Dr.  M.  Key 
Dr.  T.  Raven 
Dr.  P.  Rumsby 
Dr.  R.  Evans 

INTERNAL  DISTRIBUTION 

Code  4740 

V.  Granat stein 
Code  4040 

D.  Book 
J.  Boris 
M.  Emery 
J.  Gardner 
Code  4770 

G.  Cooperstein 
Code  4790 

D .  Colombant 

W.  Manheimer 
Code  4720 

J.  Davis 
D.  Dus ton 
Code  6680 
D.  Nagel 
R.  Whitlock 
P.  Burkhalter 


13 


